INTRODUCTION

H
ydrocephalus is a medical condition resulting from a change in the dynamics of cerebrospinal fluid flow, with or without underlying pathology (20) . If untreated, it can lead to significant impairment and even death (5) . However, timely treatment can reduce morbidity and mortality as well as reduce the socioeconomic impact on families and communities (1, 28, 30) . Hydrocephalus is one of the most common developmental disorders, it is more common than Down syndrome and congenital deafness (8) , and it is the most frequently treated neurosurgical condition in pediatric practice (10, 12, 34) .
Hydrocephalus is reported to be more common in developing countries; however, the prevalence (10, 34) and incidence of hydrocephalus in sub-Saharan Africa are unknown (35) . In this region, it is estimated that <10% of cases are treated using ventriculoperitoneal shunt (VPS) systems, meaning that most children who have this medical condition do not have access to needed treatment (23) .
The population of Mozambique was approximately 24 million people in 2014 (17) ; using data from developed countries to estimate incidence (35) , we estimate there are 480 cases of congenital hydrocephalus and up to 4800 cases of neonatal hydrocephalus each year in Mozambique. Mozambique is divided into 10 provinces and 1 capital city with provincial status. The provinces are subdivided into 129 districts. The districts are further divided in 405 administrative posts and then into localities, the lowest geographical level of the central state administration (Figure 1) .
There is at least 1 health center in each district, but not all health centers have a physician. A patient with hydrocephalus from a locality would present to a health center (in the district capital) and would need referrals to a provincial hospital (tertiary level) and after that to 1 of the 3 quaternary central hospitals (in Maputo, Beira, and Nampula) to receive neurosurgical care. In parts of northern Mozambique, some patients are more than 1000 km from a health facility with a neurosurgeon (Figure 2) . Mozambique has only 2 active national neurosurgeons in the public sector (Maputo and Nampula), and there are 14 foreign neurosurgeons working in the country (4 Cuban, 2 Russian, and 8 Korean).
In northern Mozambique, prenatal care is performed by health personnel (physicians, nurses, midwives, or auxiliary or traditional birth attendants) and reaches 90%e96% of pregnant women. However, assisted deliveries and postdelivery/neonatal care by skilled health personnel remain low throughout the country (54%), ranging from 35.6% in Cabo Delgado province to 60.3% in
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Abbreviations and Acronyms VPS: Ventriculoperitoneal shunt Niassa province (55.3% in Nampula province). Overall low levels of education in pregnant women contribute to these low coverage rates (17, 18) .
The Nampula Central Hospital is the quaternary reference hospital for the country's northern region, covering more than one third of the country's population (17, 35) . There is only 1 Mozambican neurosurgeon dedicated to serving this large segment of the population. The Nampula Central Hospital has 540 beds (196 pediatric), 24 intensive care unit beds (12 pediatric), and 6 operating rooms.
Neurosurgery is integrated into general surgery wards, with 26 adult and 4 pediatric beds dedicated to the service, but there is often a need for additional beds, particularly for children. The service Figure 2 . Map of Mozambique illustrating the distance traveled by patients from distant districts to reach a quaternary hospital: from Chicualacuala to Maputo, >550 km; from Zumbo to Beira, >1100 km; from Mé cula to Nampula, >930 km; from Negomano to Nampula, >880 km. 
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annually has 600 admissions, 500 major surgical procedures and 1000 minor surgical procedures, and 2600 outpatient visits.
MATERIALS AND METHODS
Using retrospective clinical care data from a previous study (27) , the domestic origin of patients with hydrocephalus who underwent surgical treatment (VPS) was reviewed, and rates of loss to follow-up were determined. The follow-up loss is proportional to the distance of the patients to the referral hospital. Based on these data, we tried to understand what factors could be at the root of this problem with referral and follow-up.
DISCUSSION
The literature about hydrocephalus in Africa starts in 1963 with an article by Clifford (4). In 1984, an important series on hydrocephalus in Africa was published by Peacock and Currer (22) . Of hydrocephalus articles indexed on PubMed, <1% come from Africa. The care of hydrocephalus in sub-Saharan Africa is hampered by economic constraints (poverty), difficulties for patients and families concerning transportation and access to adequate care, and cultural beliefs and misunderstandings related to hydrocephalus (14, 35) . No epidemiologic data on hydrocephalus in Mozambique are available. It is believed that developing countries such as Mozambique have an incidence of congenital hydrocephalus equivalent to or greater than developed countries and that postinfectious acquired hydrocephalus occurs at even higher rates (34, 35) . The increased prevalence in Africa is believed to be due to an increase in birth rate and an increase in occurrence of congenital abnormalities associated with increased rates of neonatal infections, substandard diagnosis and treatment of meningitis, poor coverage of human immunodeficiency virus, pneumococcal immunizations, and folate deficiency (10, 23, 34) . Low socioeconomic status is a risk for all nongenetic (acquired) defects, including hydrocephalus (31) . Nongenetic structural defects can occur for several reasons. Hydrocephalus is strongly associated with myelomeningocele, and this defect is caused by a deficiency of folic acid in the maternal diet (15, 21) . Multivitamin supplements during pregnancy have been shown to reduce the risk of hydrocephalus (11, 15) . Low maternal age has been associated with a higher risk of hydrocephalus, probably because younger mothers are less likely to receive prenatal screening (25) . Maternal age at first birth is low in many developing countries; in Mozambique, most primigravid women are between 20 and 24 years old (17) .
The diagnosis of hydrocephalus is underestimated in northern Mozambique, likely related to health personnel not being properly trained to diagnose hydrocephalus at delivery and neonatal care. Moreover, only half of pregnant women in northern Mozambique access neonatal care (50.4%) (17, 18) , which further reduces the ability to diagnose neonatal hydrocephalus (50%). The incidence of infantile hydrocephalus in the northern region was conservatively estimated to be 1700 cases/year, of which only 15% are likely referred. More than half of the cases referred had classic and advanced hydrocephalus stigmata, such as macrocephaly, intracranial hypertension, and neurodevelopmental delay (27) . Most pediatric patients referred to Nampula Central Hospital arrived with advanced cases, and severe hydrocephalus stigmata were common->90% had a cranial perimeter above the 90th percentile and taut fontanel, and >50% had some degree of psychomotor development impairment with 15% with significant developmental delays.
These late sequelae often can be avoided by early diagnosis and timely treatment. There is a crucial need to train health personnel from primary and secondary health care levels to promote prevention, ensure early diagnosis, and ensure timely referral. Measures to improve assistance at these health care levels include the following:
1. Prevent neural tube defects secondary to lack of folates/folic acid (one of the common causes of infant hydrocephalus in Africa) by providing folic acid during pregnancy (35).
2. Prevent neonatal meningitis (another common cause of infant hydrocephalus in Africa) by improving delivery and neonatal conditions (35) with appropriate assistance during pregnancy and delivery, early diagnosis, and appropriate orientation.
3. Provide community education and sensitization to address existing misconceptions about hydrocephalus.
4. Improve the training of health care professionals in prevention, early diagnosis, and appropriate prompt referral of new cases and cases with posttreatment complications.
5. Improve diagnostic capacity by introducing transfontanellar ultrasound, which is preferred for settings such as Mozambique because of its relative simplicity and lower cost compared with magnetic resonance imaging and computed tomography.
Mozambique went through almost 3 decades of war and internal conflict, which led to a critical loss of facilities and human resources, including qualified health professionals. The country finally is beginning to take the first steps to overcome the socioeconomic and cultural difficulties of the recent past, and as such rapid systemic changes are difficult. However, significant progress has been made in the medical field.
The training of health professionals (particularly individuals working in primary and secondary health care) on the causes, prevention, and diagnosis of hydrocephalus should be a focal point for improved patient outcomes in Mozambique. These health professionals are at the frontlines of the national health care system, see high volumes of patients, and can effectively:
-Educate and sensitize the community about the importance of prenatal care and facility deliveries.
-Provide iron and folic acid supplementation during pregnancy.
-Attend deliveries, provide sterile conditions for childbirth, and make an early diagnosis of congenital and neonatal hydrocephalus, with timely referrals to a neurosurgeon.
-After training, perform transfontanellar ultrasound in health facilities to aid the diagnosis of hydrocephalus.
During medical education, neurosurgical topics are included in general surgery courses. This training for general practitioners should include not only hydrocephalus but also brain injury, clinical manifestations of brain tumors, intracranial hemorrhage, and spinal pathology (degenerative, traumatic, and oncologic). This educational base would provide general physicians the tools needed to diagnose and manage and refer appropriately cases for neurosurgical care. Because much clinical care in Mozambique is provided by general practitioners, it is important to include these subjects in their education as well. These health professionals, equipped with better theoretical and practical knowledge, could transfer patients directly to neurosurgical centers, avoiding wasted time and unnecessary expenses associated with the referral system currently in use in Mozambique.
Cerebrospinal fluid shunt systems as well as neurosurgeons able to insert them are unavailable for most children, and, when available, most patients still do not have access to VPS (35) . A VPS is available at quaternary level of care, and the National Health System in Mozambique currently offers the Chhabra Surgywear valve (Surgiwear company, Shahjahanpur, India) system. Even with higher rates of major complications, VPS remains the primary treatment option in the orientation of hydrocephalus. Worldwide, the range of complication rates is 1%e50% in the 2 years after placement (6, 7, 10, 32, 35, 38) , including VPS system failures and infections (10, 13, 19, 32, 35) . Chhabra Surgywear VPS systems (now routinely used in Mozambique) have similar complication rates to systems used in Western countries, without statistically significant differences in complications, as reported in a study in Uganda (32) .
In sub-Saharan Africa, reported complications are between 7% and 69%, related to mechanical causes (11%e54%) and infection (7%e69%) (2, 19, 22, 24, 26, 29, 30, 34) . Even when VPS placement is possible, it is more dangerous in Africa because of the complications (infection and shunt malfunction) (32) . Patient follow-up after the procedure is a major challenge, with almost half of treated patients being lost to follow up, often related to the long distances from patients' homes to health facilities (27) . Economic difficulties related to extreme poverty, difficult access, and long distances constrain the appropriate follow-up of these children and contribute to the low rates of patient retention.
Numerous children alternatively may benefit from endoscopic third ventriculostomy, which is a treatment option without heterologous material; with a long-term lower rate of associated complications (9, 14, 29, 33) ; and with a follow-up that we believe can be less frequent, reducing the socioeconomic stressors on the families of these patients (36, 37) .
It is impossible to improve health facility infrastructure and access rapidly in the short-term in a large developing country such as Mozambique, but major efforts have been undertaken by government in the last decade to improve the situation. Alternative measures to provide neurosurgical care to the population, provide new treatment options, and avoid follow-up losses are key to reducing the burden of neurosurgical problems at the quaternary health care level. Some measures to improve the situation in the short-term to mid-term include the following: 2. Introduce alternative treatment options, such as endoscopic third ventriculostomy with or without choroid plexus cauterization, which have lower costs for the health system in the short-term and mid-term, better results for the patient, and lower socioeconomic impact on the families of patients. The average cost of this equipment is around $50,000 (16) , with investment recovered after about 500 procedures, without including shorter periods of hospitalization, reduced need for hospital visits for follow-up, fewer complications, and its strong socioeconomic impact on families (36, 37) , as reported on endoscopic third ventriculostomy procedures.
In the mid-term to long-term, the more complex and timeconsuming step would be to train more neurosurgeons to be placed in provincial health facilities with sufficient infrastructure for them to provide high-quality neurosurgical care. Neurosurgical training takes 5e6 years of postgraduate medical education, and the infrastructure and equipment needed are expensive. However, the implementation of a policy focused on this issue can help achieve this goal in the mid-term to long-term. Cooperative protocols with neurosurgery departments in institutions with experience in hydrocephalus and other neurosurgical areas could be a short-term to mid-term option to reduce the impact of this shortage. It could also create teaching conditions for (1) postgraduate training for Mozambican neurosurgeons in the most current and advanced techniques in the management of hydrocephalus; (2) updating general practitioners and medical technicians who provide services at the primary, secondary, and tertiary levels; and (3) assisting in pregraduate training of general physicians and medical technicians.
CONCLUSIONS
To improve the quality of care of patients with hydrocephalus in a country with a social, economic, and cultural context such as Mozambique is a challenge that goes far beyond the biomedical considerations of neurosurgical treatment. Hydrocephalus in subSaharan Africa is a serious health problem. Although research is increasingly focusing on this issue, there are still few data on its incidence, prevalence, and causes. In northern Mozambique, there is an urgent need for strategies to address this treatable medical condition, which has devastating consequences when untreated. A new health care approach to hydrocephalus in Mozambique is of utmost importance to improve performance in terms of prevention, access, quality, and retention in care. The issues addressed in this article are likely applicable to many developing countries with conditions similar to northern Mozambique, and we hope this article can serve as the basis for a more exhaustive evaluation of strategies to improve hydrocephalus care in Mozambique.
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